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(54) DISPERSION COMPENSATOR

(57)  There is disclosed a dispersion compensator
for compensating for a chromatic dispersion and disper-
sion slope of an optical fiber transmission line, the dis-
persion compensator comprising a plurality of disper-
sion-compensating optical fibers connected to each oth-
er, the dispersion-compensating optical fibers each hav-
ing a dispersion slope compensation ratio of at least

Fig.1

30

60% with respect to the optical fiber transmission line at
a predetermined wavelength, one of said plurality of dis-
persion-compensating optical fibers having a dispersion
slope compensation ratio of at least 80%, another of
said plurality of dispersion-compensating optical fibers
having a dispersion slope compensation ratio within the
range of 60% to 100%.
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a dispersion compensator for compensating for the chromatic dispersion and
dispersion slope of an optical fiber transmission line; and an optical transmission system comprising an optical fiber
transmission line and a dispersion compensator.

BACKGROUND ART

[0002] In optical transmission systems carrying out optical communications by propagating signal light through an
optical fiber transmission line, it is desired that the accumulated chromatic dispersion of the optical fiber transmission
line have a small absolute value at the signal light wavelength (e.g., 1.55 um) in order to suppress the waveform
deterioration of the signal light when it propagates through the optical fiber transmission line. Also, in wavelength
division multiplexing (WDM) transmission systems carrying out optical communications by multiplexing a plurality of
wavelengths of signal light, it is desired that the accumulated chromatic dispersion of the optical fiber transmission line
should be small in a signal light wavelength band including individual wavelengths of the plurality of wavelengths of
signal light. Namely, it is desirable for the optical fiber transmission line to have not only a small absolute value of
chromatic dispersion but also a small absolute value of dispersion slope in the signal light wavelength band.

[0003] However, typical single-mode optical fibers employed as optical fiber transmission lines in general have a
zero-dispersion wavelength near a wavelength of 1.3 um, while having a chromatic dispersion of about 17 ps/nm/km
and a dispersion slope of about 0.058 ps/nm2/km at a wavelength of 1.55 um. As a consequence, it is difficult to carry
out high capacity WDM transmission if an optical fiber transmission line is constitutedby these single-mode optical
fibers alone.

[0004] Therefore, it has been proposed to compensate for the chromatic dispersion and dispersion slope of a single-
mode optical fiber by using a dispersion-compensating optical fiber whose chromatic dispersion and dispersion slope
are both negative at a wavelength of 1.55 um, so as to lower both the respective absolute values of the average
chromatic dispersion and average dispersion slope of the whole system at a wavelength of 1.55 um.

[0005] For compensating for both the respective absolute values of the average chromatic dispersion and average
dispersion slope of the whole system comprising a single-mode optical fiber and a dispersion-compensating optical
fiber, it is necessary that both the chromatic dispersion and dispersion slope of the dispersion-compensating optical
fiber should be designed appropriately according to the length ratio between the single-mode optical fiber and the
dispersion-compensating optical fiber and the chromatic dispersion characteristic of the single-mode optical fiber, and
that the dispersion-compensating optical fiber be manufactured as designed.

[0006] However, the chromatic dispersion characteristic of the dispersion-compensating optical fiber is quite sensitive
to changes in the drawing tension and core diameter in the longitudinal direction at the time when its optical fiber
preform is drawn. Also, the processing precision of the optical fiber preform may not be sufficient, and the accuracy in
measurement of refractive index distribution in the optical fiber preform carried out by a preform analyzer is may not
be sufficient, either. Therefore, it is difficult for a dispersion-compensating optical fiber having the aimed chromatic
dispersion characteristic to be manufactured with a high precision.

[0007] For example, while the dispersion slope compensation ratio 1 is ideally desired to be 100%, the dispersion
slope compensation ratio n may fluctuate among actually manufactured dispersion-compensating optical fibers ap-
proximately within the range of 50% to 120% with its average value being about 90%. Here, the dispersion slope
compensation ratio n is an index representing the degree of compensation when a dispersion-compensating optical
fiber compensates for the chromatic dispersion and dispersion slope of a single-mode optical fiber. The dispersion
slope compensation ratio n (%) is defined by the following expression:

n = 100(Dge/ Ssme) (Ppcr/ Socr) M

where Dgyr is the chromatic dispersion of the single-mode optical fiber, Sgyr is the dispersion slope of the single-
mode optical fiber, Dpcf is the chromatic dispersion of the dispersion-compensating optical fiber, and Spcf is the
dispersion slope of the dispersion-compensating optical fiber.

[0008] Thus, if the dispersion slope compensation ratio n of an actually manufactured dispersion-compensating op-
tical fiber greatly differs from the ideal value of 100%, then this dispersion-compensating optical fiber cannot fully
compensate for the chromatic dispersion and dispersion slope of the single-mode optical fiber. In this case, it is hard
to carry out WDM transmission over a wide band and optical transmission with a high bit rate (e.g., 40 Gb/s).
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[0009] Here, the dispersion slope compensation ratio 1 of each of manufactured dispersion-compensating optical
fibers may be measured, so as to selectively use those whose dispersion slope compensation ratio n lies within a
predetermined range. However, this procedure is undesirable in that the yield is not favorable, so that the price of
conforming products becomes higher.

DISCLOSURE OF THE INVENTION

[0010] In order to eliminate the above-mentioned problems, it is an object of the present invention to provide a
dispersion compensator which can fully compensate for the chromatic dispersion and dispersion slope of an optical
fiber transmission line even when the dispersion slope compensation ratio n fluctuates among actually manufactured
dispersion-compensating optical fibers, and an optical transmission system in which both the respective absolute val-
ues of the average chromatic dispersion and average dispersion slope of the whole system are lowered.

[0011] The dispersion compensator in accordance with the present invention is a dispersion compensator for com-
pensating for the chromatic dispersion and dispersion slope of an optical fiber transmission line in which a plurality of
dispersion-compensating optical fibers each having a dispersion slope compensation ratio of at least 60% with respect
to the optical fiber transmission line at a predetermined wavelength (e.g., 1.55 um) are connected to each other, one
of the plurality of dispersion-compensating optical fibers has a dispersion slope compensation ratio of at least 80%,
and another of the plurality of dispersion-compensating optical fibers has a dispersion slope compensation ratio within
the range of 60% to 100%.

[0012] The average dispersion slope compensation ratio of this dispersion compensator is an average value of the
respective dispersion slope compensation ratios of the plurality of dispersion-compensating optical fibers in a certain
sense, and can become a value near 100% if the ratio of respective lengths of the plurality of dispersion-compensating
optical fibers is appropriately set. Hence, if the respective lengths of the plurality of dispersion-compensating optical
fibers are appropriately set according to the length of an optical fiber transmission line (a single-mode optical fiber in
general), then the dispersion compensator can fully compensate for both the chromatic dispersion and dispersion slope
of the optical fiber transmission line. Also, even when the dispersion slope compensation ratio n fluctuates among
actually manufactured dispersion-compensating optical fibers, the dispersion slope compensation ratio n of each dis-
persion-compensating optical fiber is measured after manufacture, and a plurality of dispersion-compensating optical
fibers are connected according to results of the measurement so as to construct the dispersion compensator as men-
tioned above. As a consequence, the manufactured dispersion-compensating optical fibers can be used efficiently,
whereby the dispersion compensator becomes inexpensive.

[0013] In the dispersion compensator in accordance with the present invention, the average dispersion slope com-
pensation ratio of the plurality of dispersion-compensating optical fibers may be atleast 80%. In this case, the dispersion
compensator can fully compensate for both the chromatic dispersion and dispersion slope of the optical fiber trans-
mission line.

[0014] In the dispersion compensator in accordance with the present invention, a plurality of dispersion-compensat-
ing optical fibers may be connected in the order of increasing effective area thereof. In this case, signal light having a
higher power propagates through a dispersion-compensating optical fiber having a relatively larger effective area, so
that the generation of nonlinear optical phenomena can be suppressed, whereby transmission characteristics become
excellent.

[0015] In the dispersion compensator in accordance with the present invention, of the plurality of dispersion-com-
pensating optical fibers, first and second dispersion-compensating optical fibers cascaded to each other may be fusion-
spliced to each other. In this case, the splice loss between the first and second dispersion-compensating optical fibers
is low. In this case, it is preferred that the fusion-spliced portion between the first and second dispersion-compensating
optical fibers be re-coated with a resin material having a coating diameter substantially equal to the coating diameter
of each of the first and second dispersion-compensating optical fibers, and be wound about a bobbin together with the
first and second dispersion-compensating optical fibers. Also, it is preferred that the fusion-spliced portion between
the first and second dispersion-compensating optical fibers be re-coated with a resin material and be secured with
reinforcement means. It is also preferred that the plurality of dispersion-compensating optical fibers be contained in a
bundle state free of any body portion substantially in contact therewith. In any of these cases, each of the plurality of
dispersion-compensating optical fibers can be contained in a compact state while securing a mechanical strength in
the fusion-spliced portion and suppressing the increase in transmission loss.

[0016] The optical transmission system in accordance with the present invention comprises an optical fiber trans-
mission line for transmitting signal light; and the above-mentioned dispersion compensator, in which a plurality of dis-
persion-compensating optical fibers are connected to each other, for compensating for the chromatic dispersion and
dispersion slope of the optical fiber transmission line. In this optical transmission system, the dispersion compensator
compensates for the chromatic dispersion and dispersion slope of the optical fiber transmission line, whereby the
respective absolute values of the average chromatic dispersion and average dispersion slope of the optical fiber trans-
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mission line and dispersion compensator are lowered. As a consequence, this optical transmission system can carry
out WDM transmission over a wide band and optical transmission with a high bit rate.

[0017] The optical transmission system in accordance with the present invention may be configured such that a
plurality of dispersion-compensating optical fibers are connected in the order of increasing effective area thereof, and
that signal light is fed from the side of the dispersion-compensating optical fiber having a larger effective area. In this
case, the occurrence of nonlinear optical phenomena can be suppressed in the dispersion compensator, whereby
transmission characteristics become excellent.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018]

Fig. 1 is a schematic block diagram of the optical transmission system in accordance with an embodiment thereof;
Fig. 2 is an explanatory view of the dispersion compensator in accordance with an embodiment thereof;

Fig. 3 is an explanatory chart of specific examples of the dispersion compensator in accordance with the embod-
iment;

Fig. 4 is a schematic block diagram of the optical transmission system in which a dispersion compensator according
to the present invention and a Raman amplifier are combined to each other.

Fig. 5is an explanatory view of a first example of the mode of containing the dispersion compensator in accordance
with the embodiment;

Fig. 6 is an explanatory view of the first example of the mode of containing the dispersion compensator in accord-
ance with the embodiment;

Fig. 7 is an explanatory view of a second example of. the mode of containing the dispersion compensator in
accordance with the embodiment;

Fig. 8 is an explanatory view of the second example of the mode of containing the dispersion compensator in
accordance with the embodiment; and

Fig. 9is an explanatory view of a third example of the mode of containing the dispersion compensator in accordance
with the embodiment.

BEST MODE FOR CARRYING OUT THE INVENTION

[0019] In the following, embodiments of the present invention will be explained in detail with reference to the accom-
panying drawings. In the explanation of the drawings, constituents identical to each other will be referred to with nu-
merals identical to each other without repeating their overlapping descriptions.

[0020] First, respective embodiments of the optical transmission system and dispersion compensator in accordance
with the present invention will be explained with reference to Figs. 1 to 3. Fig. 1 is a schematic block diagram of the
optical transmission system 1 in accordance with an embodiment. In this optical transmission system 1, an optical fiber
transmission line 30 is laid between a transmitter station (or repeater station) 10 and a receiver station (or repeater
station) 20. Provided within the receiver station 20 are an optical amplifier 21, a dispersion compensator 22, an optical
amplifier 23, and a receiver 24. In the optical transmission system 1, signal light sent out from the transmitter station
10 propagates through the optical fiber transmission line 30 and reaches the receiver station 20. The signal light having
reached the receiver station 20 is optically amplified by the optical amplifier 21, the dispersion of the amplified light is
compensated for by the dispersion compensator 22, thus obtained light is optically amplified by the optical amplifier
23, and then the amplified light is received by the receiver 24.

[0021] As the optical fiber transmission line 30, a typical single-mode optical fiber having a zero-dispersion wave-
length near a wavelength of 1.3 um is used, for example. In this case, at a signal light wavelength of 1.55 um, the
optical fiber transmission line 30 has a chromatic dispersion of about 17 ps/nm/km and a dispersion slope of about
0.058 ps/nm2/km.

[0022] Each of the optical amplifiers 21 and 23 optically amplifies the signal light fed therein and outputs the amplified
signal light. Preferably employed as each of the optical amplifiers 21 and 23 is an optical fiber amplifier (EDFA: Erbium
Doped Fiber Amplifier) using, as its optical amplification medium, an Er element doped optical fiber whose optical
waveguide region is doped with Er element.

[0023] The dispersion compensator 22 compensates for the chromatic dispersion and dispersion slope of the optical
fiber transmission line 30. Namely, at a signal light wavelength of 1.55 um, the dispersion compensator 22 has a
chromatic dispersion with an opposite sign of the chromatic dispersion of the optical fiber transmission line 30, and a
dispersion slope with an opposite sign of the dispersion slope of the optical fiber transmission line 30. In the case where
the optical fiber transmission line 30 is a single-mode optical fiber, both the chromatic dispersion and dispersion slope
of the dispersion compensator 22 are negative at a signal light wavelength of 1.55 um. The dispersion compensator
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22 is constituted by a plurality of dispersion-compensating optical fibers connected to each other.

[0024] Here, itis assumed that the dispersion compensator 22 is constituted by two kinds of dispersion-compensating
optical fibers 221 and 222 which are connected to each other. Each of the dispersion-compensating optical fibers 221
and 222 has a dispersion slope compensation ratio of at least 60%. One of the dispersion-compensating optical fibers
221 and 222 has a dispersion slope compensation ratio of at least 80%, whereas the other has a dispersion slope
compensation ratio within the range of 60% to 100%. Since bending loss increases in a dispersion-compensating
optical fiber as its dispersion slope compensation ratio is made greater in general, the upper limit of the dispersion
slope compensation ratio in each of the dispersion-compensating optical fibers 221 and 222 is about 150% in practice.
[0025] Fig. 2is an explanatory view of the dispersion compensator 22 in accordance with this embodiment. As shown
in this drawing, let L,, D4, S4, n4, and A; be the length, chromatic dispersion, dispersion slope, dispersion slope com-
pensation ratio, and effective area of the dispersion-compensating optical fiber 221 on the upstream side, respectively.
Let Ly, Dy, Sy, My, and A, be the length, chromatic dispersion, dispersion slope, dispersion slope compensation ratio,
and effective area of the dispersion-compensating optical fiber 222 on the downstream side, respectively.

[0026] Letting Dgyr and Sgy g be the chromatic dispersion and dispersion slope of the optical fiber transmission line
(single-mode optical fiber) 30, their ratio R is represented by the following expression:

R = Dsure/ Ssur (2

Here, the dispersion slope compensation ratio 1 of the dispersion-compensating optical fiber 221 and the dispersion
slope compensation ratio 1, of the dispersion-compensating optical fiber 222 are represented by the following respec-
tive expressions:

n, =100-R-S,/D 3a
1 11

N, = 100-R-S,/D, (3b)

[0027] The average chromatic dispersion D, and average dispersion slope S, of the dispersion compensator 22
constituted by the dispersion-compensating optical fibers 221 and 222 connected to each other are represented by
the following respective expressions:

Dave =(Dq:Ly + DyrLy)I(Ly + Ly) (4a)

Save = (SqLy + SyrLo)(Ly + Ly) (4b)

whereas the average dispersion slope compensation ratio n ,, of the dispersion compensator 22 is represented by
the following expression:

7. =100-R-S, _/D,.

5
=100-R-(S,-L, +8,-L}/(D, L, + D, - L,) )

[0028] If the length L of the dispersion-compensating optical fiber 221 and the length L, of the dispersion-compen-
sating optical fiber 222 are equal to each other, then the average dispersion slope compensation ratio n,,, of the
dispersion compensator 22 is represented by the following expression:

=100-R(S; + S,)/(D; + D,) (6)

n ave

If the length L, of the dispersion-compensating optical fiber 221 and the length L, of the dispersion-compensating
optical fiber 222 are equal to each other, and the chromatic dispersion D, of the dispersion-compensating optical fiber
221 and the chromatic dispersion D, of the dispersion-compensating optical fiber 222 are equal to each other, then
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the average dispersion slope compensation ratio 1, of the dispersion compensator 22 is represented by the following
expression:

T]ave = (n‘] + nz)/z (7)

[0029] Fig. 3 is an explanatory chart of specific examples of the dispersion compensator 22 in accordance with this
embodiment. This chart shows three cases of the dispersion compensator 22 at a wavelength of 1.55 um.

[0030] Case 1 indicates an example having dispersion-compensating optical fibers A, B as the dispersion-compen-
sating optical fibers 221, 222. The dispersion-compensating optical fiber A has a chromatic dispersion of -120 ps/nm/
km and a dispersion slope compensation ratio of 120%. The dispersion-compensating optical fiber B has a chromatic
dispersion of -120 ps/nm/km and a dispersion slope compensation ratio of 80%. The length ratio of the dispersion-
compensating optical fibers A and B is 1:1. In this case, the dispersion-compensator 22 in which the dispersion-com-
pensating optical fibers A and B are connected to each other has an average chromatic dispersion of -120 ps/nm/km
and an average dispersion slope compensation ratio n,, of 100%.

[0031] Case 2 indicates an example having dispersion-compensating optical fibers C, D as the dispersion-compen-
sating optical fibers 221, 222. The dispersion-compensating optical fiber C has a chromatic dispersion of -140 ps/nm/
km and a dispersion slope compensation ratio of 120%. The dispersion-compensating optical fiber D has a chromatic
dispersion of -80 ps/nm/km and a dispersion slope compensation ratio of 70%. The length ratio of the dispersion-
compensating optical fibers C and D is 2:3. In this case, the dispersion compensator 22 in which the dispersion-com-
pensating optical fibers C and D are connected to each other has an average chromatic dispersion of -104 ps/nm/km
and an average dispersion slope compensation ratio 1, of 98%.

[0032] Case 3 indicates an example having dispersion-compensating optical fibers E, F as the dispersion-compen-
sating optical fibers 221, 222. The dispersion-compensating optical fiber E has a chromatic dispersion of -80 ps/nm/
km and a dispersion slope compensation ratio of 120%. The dispersion-compensating optical fiber F has a chromatic
dispersion of -80 ps/nm/km and a dispersion slope compensation ratio of 80%. The length ratio of the dispersion-
compensating optical fibers E and F is 1:1. In this case, the dispersion compensator 22 in which the dispersion-com-
pensating optical fibers E and F are connected to each other has an average chromatic dispersion of -80 ps/nm/km
and an average dispersion slope compensation ratio n,,,, of 100%.

[0033] As can be seen from the foregoing, the average dispersion slope compensation ratio n,,, of the dispersion
compensator 22 is an average value of the dispersion slope compensation ratio 14 of the dispersion-compensating
optical fiber 221 and the dispersion slope compensation ratio 1, of the dispersion-compensating optical fiber 222 in a
certain sense. Also, as mentioned above, while each of the dispersion-compensating optical fibers 221 and 222 has
a dispersion slope compensation ratio of at least 60%, one of them has a dispersion slope compensation ratio of at
least 80%, whereas the other has a dispersion slope compensation ratio within the range of 60% to 100%. Thus, the
dispersion compensator 22 can attain an average dispersion slope compensation ration,,,, near 100% by appropriately
setting the length ratio of the dispersion-compensating optical fibers 221 and 222. Preferably, the average dispersion
slope compensation ratio 1, of the dispersion compensator is at least 80% but not greater than 120%.

[0034] As a consequence, the dispersion compensator 22 can fully compensate for both the chromatic dispersion
and dispersion slope of the optical fiber transmission line 30 if the respective lengths of the dispersion-compensating
optical fibers 221 and 222 are appropriately set according to the length of the optical fiber transmission line (single-
mode optical fiber) 30. Hence, the optical transmission system 1 using this dispersion compensator 22 becomes one
in which both of the respective absolute values of average chromatic dispersion and average dispersion slope in the
whole system including the optical fiber transmission line 30 and the dispersion compensator 22 are lowered. As a
consequence, the optical transmission system 1 can carry out WDM transmission over a wide band and optical trans-
mission with a high bit rate (e.g., 40 Gb/s).

[0035] Also, even if the dispersion slope compensation ratio 1 fluctuates among actually manufactured dispersion-
compensating optical fibers, the dispersion slope compensation ratio n of each dispersion-compensating optical fiber
is measured after manufacture, and a plurality of dispersion-compensating optical fibers are connected according to
results of the measurement so as to construct the dispersion compensator 22 as mentioned above. Hence, the man-
ufactured dispersion-compensating optical fibers can be used efficiently, whereby the dispersion compensator 22 be-
comes inexpensive. Since each of the dispersion-compensating optical fibers 221 and 222 has a dispersion slope
compensation ratio of at least 60%, and one of them has a dispersion slope compensation ratio of at least 80%, whereas
the other has a dispersion slope compensation ratio within the range of 60% to 100%, this embodiment is preferred in
cases where the dispersion slope compensation ratio n fluctuates among actually manufactured dispersion-compen-
sating optical fibers approximately within the range of 50% to 120% with its average value being about 90%.

[0036] Further, it is preferable in terms of suppressing the generation of nonlinear optical phenomena if the effective
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area A, of the dispersion-compensating optical fiber 221 on the upstream side is greater than the effective area A, of
the dispersion-compensating optical fiber 222 on the downstream side. Namely, while the signal light fed into the
dispersion-compensating optical fiber 221 on the upstream side has a higher power in the case where the optical
amplifier 21 exists in front of the dispersion compensator 22 as shown in Fig. 1, the generation of nonlinear optical
phenomenain the dispersion-compensating optical fiber 221 will be suppressed if the effective area A, of the dispersion-
compensating optical fiber 221 is made relatively larger. On the other hand, even when the effective area A, of the
dispersion-compensating optical fiber 222 is relatively small, the signal light fed into the dispersion-compensating op-
tical fiber 222 after having propagated through the dispersion-compensating optical fiber 221 has a lower power, where-
by the generation of nonlinear optical phenomena is suppressed in the dispersion-compensating optical fiber 222 as
well. Therefore, transmission characteristics become excellent.

[0037] Fig. 4 shows an embodiment of the combination of Raman amplification and the dispersion compensation in
an optical transmission system. In this optical transmission system, an optical fiber transmission line 30a is laid between
a transmitter station (or repeater station) 10 and a receiver station (or repeater station) 20, and light signal sent from
the transmitter station 10 is amplified in an optical amplifier 21 (EDFA) to transmitted to the dispersion compensator.
At an output of the optical transmission line 30a, a dispersion-compensating fibers 211a and 222a are connected in
serial. An optical coupler is provided in an output of the dispersion-compensating fiber 222a, and the optical coupler
is connected to a pumping light laser for generating an excitation light having a wavelength of 1.45 um by which the
Raman amplification is caused in the dispersion-compensating optical fibers 211a and 222a. An effective area of the
dispersion-compensating optical fiber 211a is larger than that of the dispersion-compensating optical fiber 222a. In
such arrangement, a optical transmission system in which dispersion of the optical transmission is compensated and
the loss of the dispersion-compensating fiber is effectively compensated, can be realized.

[0038] The nonlinear optical phenomenon degrading the transmission quality of the optical transmission line is be
more suppressed when the effective area Aeff of the optical fiber is larger, and the efficiency of the Raman amplification
can be more improved when the effective area Aeff of the optical fiber is smaller. So, in view of this fact, in the embod-
iment shown in Fig. 4, the signal light is guided to the output of the dispersion-compensating optical fiber 211a having
a larger effective area Aeff, and the excitation light having the wavelength of 1.45 um for Raman amplification is guided
to an output of the dispersion-compensating optical fiber 222a having a smaller effective area Aeff.

[0039] A mode of containing the dispersion-compensating optical fibers 221 and 222 in the dispersion compensator
22 in accordance with this embodiment will now be explained with reference to Figs. 5 to 9. Though the dispersion-
compensating optical fibers 221 and 222 may be connected to each other by an optical connector, they are preferably
connected by fusion splice, which yields a lower splice loss. In the case of fusion splice, respective end portions of the
dispersion-compensating optical fibers 221 and 222 are stripped of their coatings, and these respective end faces of
the glass fibers are butted against each other and heated, so as to be fusion-spliced. However, the mechanical strength
of the fusion-spliced portion is weak in this state. Therefore, it is preferred that the . dispersion-compensating optical
fibers 221 and 222 be contained in the dispersion compensator 22 after their fusion-spliced portion is processed as
follows.

[0040] Figs. 5 and 6 are explanatory views of a first example of the mode of containing the dispersion compensator
22 in accordance with this embodiment. Fig. 5 is a sectional view thereof near a fusion-spliced portion 220, whereas
Fig. 5 is a perspective view of the dispersion-compensating optical fibers 221 and 222 wound about a bobbin 223. As
shown in Fig. 5, a glass fiber 221a is stripped of its surrounding coating 221b at an end portion of the dispersion-
compensating optical fiber 221. Also, a glass fiber 222a is stripped of its surrounding coating 222b at an end portion
of the dispersion-compensating optical fiber 222. These end faces of the glass fibers 221a and 222a are fusion-spliced
to each other. The surroundings of thus formed fusion-spliced portion (the part stripped of the coating) 220 between
the dispersion-compensating optical fibers 221 and 222 are re-coated with a resin material 224 having a coating di-
ameter substantially equal to the coating diameter of each dispersion-compensating optical fiber.

[0041] Further, as shown in Fig. 5, the fusion-spliced portion 220 is wound about the bobbin 223 together with the
dispersion-compensating optical fibers 221 and 222. As a consequence, the dispersion-compensating optical fibers
221 and 222 can be contained in a compact state while the resin material 224 imparts a mechanical strength to the
fusion-spliced portion 220. Also, since the outside diameter of each of the dispersion-compensating optical fibers 221
and 222 is substantially equal to the outside diameter of the resin material 224, no stress applies to the dispersion-
compensating optical fibers 221 and 222 due to uneven outside diameters, whereby the increase in loss can be sup-
pressed.

[0042] Figs.7 and 8 are explanatory views of a second example of the mode of containing the dispersion compensator
22 in accordance with this embodiment. Fig. 7 is a sectional view thereof near the fusion-spliced portion 220, whereas
Fig. 7 is a sectional view of the dispersion-compensating optical fibers 221 and 222 wound about the bobbin 223. As
can be seen from Fig. 7, the glass fiber 221a is stripped of its surrounding coating 221b at an end portion of the
dispersion-compensating optical fiber 221. Also, the glass fiber 222a is stripped of its surrounding coating 222b at an
end portion of the dispersion-compensating optical fiber 222. These end faces of the glass fibers 221a and 222a are
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fusion-spliced to each other. The surroundings of thus formed fusion-spliced portion (the part stripped of the coating)
220 between the dispersion-compensating optical fibers 221 and 222 are re-coated with a resin material 224. The
fusion-spliced portion 220 is further provided with a metal bar 225 acting as reinforcement means, and is contained in
a shrink tube 226 together with the metal bar 225.

[0043] Further, as shown in Fig. 7, the fusion-spliced portion 220 is wound about the bobbin 223 together with the
dispersion-compensating optical fibers 221 and 222. The fusion-spliced portion 220 provided with the metal bar 225
is secured to a certain part of the bobbin 223 (e.g., the inner or outer face of a flange thereof) . As a consequence, the
dispersion-compensating optical fibers 221 and 222 can be contained in a compact state while the metal bar 225
imparts a mechanical strength to the fusion-spliced portion 220. In particular, the reliability of the fusion-spliced portion
220 is high since it is provided with the metal bar 225 acting as reinforcement means.

[0044] Fig. 9 is an explanatory view of a third example of the mode of containing the dispersion compensator 22 in
accordance with this embodiment. Though its structure near the fusion-spliced portion 220 is similar to that shown in
Fig. 5, the dispersion-compensating optical fibers 221 and 222 are contained in a bundle state as shown in Fig. 8
without being wound about a bobbin. As a consequence, the dispersion-compensating optical fibers 221 and 222 can
be contained in a compact state while a mechanical strength is imparted to the fusion-spliced portion 220. Also, since
the outside diameter of each of the dispersion-compensating optical fibers 221 and 222 is substantially equal to the
outside diameter of the resin material 224, no stress applies to the dispersion-compensating optical fibers 221 and
222 due to uneven outside diameters, whereby the increase in loss can be suppressed.

[0045] Further, since the dispersion-compensating optical fibers 221 and 222 are not wound about a bobbin but
contained in a bundle state free of any body portion substantially in contact therewith, no stress applies thereto from
the barrel portion of the bobbin, whereby the increase in loss can be suppressed in each dispersion-compensating
optical fiber having a sensitive microbend loss characteristic. For securing environmental resistance characteristics of
the dispersion-compensating optical fibers 221 and 222, it is also preferable if the dispersion-compensating optical
fibers 221 and 222 in a bundle state are filled with a resin material.

[0046] When the dispersion-compensating optical fibers 221 and 222 are wound like a coil as shown in each of Figs.
6, 8,and 9, itis preferred that, of the dispersion-compensating optical fibers 221 and 222, one with the higher dispersion
slope compensation ratio n have the larger winding diameter. In general, dispersion-compensating optical fibers yield
a greater bending loss as their dispersion slope compensation ratio ) is higher. Therefore, when the bending diameter
of dispersion-compensating optical fibers is thus made larger as the dispersion slope compensation ratio 1 is higher,
the increase in loss caused by winding the dispersion-compensating optical fibers 221 and 222 like a coil can be
suppressed.

[0047] Preferably, the respective surfaces of the glass fibers 221a and 222a of the dispersion-compensating optical
fibers 221 and 222 are provided with hermetic coatings made of a carbon material or the like. As a consequence, the
dispersion-compensating optical fibers 221, 222 improve their fatigue resistance characteristics with respect to the
state where they are contained as being wound like a coil at a small bending diameter. Also, the hydrogen gas generated
from the surrounding coating material can be prevented from entering the glass fibers 221a, 221b, whereby transmis-
sion loss can be kept from increasing.

[0048] Without being restricted to the above-mentioned embodiments, the present invention can be modified in var-
ious manners. While the dispersion compensator is constituted by two dispersion-compensating optical fibers connect-
ed to each other in the above-mentioned embodiments, three or more dispersion-compensating optical fibers may be
connected so as to construct the dispersion compensator. In general, when N (N = 2) dispersion-compensating optical
fibers are connected so as to construct a dispersion compensator, each of the N dispersion-compensating optical fibers
has a dispersion slope compensation ratio of at least 60%, one of the N dispersion-compensating optical fibers has a
dispersion slope compensation ratio of at least 80%, and another of the dispersion-compensating optical fibers has a
dispersion slope compensation ratio within the range of 60% to 100%. Preferably, the N dispersion-compensating
optical fibers in total have an average dispersion slope compensation ratio of at least 80% but not greater than 120%.
It is also preferred that the N dispersion-compensating optical fibers be connected in the order of increasing effective
area thereof.

[0049] Although in the above embodiments, an optical transmission line is explained as a single mode fiber (SMF)
having a zero chromatic dispersion at the wavelength in 1.3 um band, the dispersion compensator and optical trans-
mission system of the present invention can be applied to all of optical fibers having an anormalous dispersion at the
wavelength in 1.55 um band also. When such optical fibers having an anormalous dispersion at the wavelength in 1.55
um band is applied to the dispersion compensator and the optical line transmission system, in the above explanation,
"Dgmr" @and "Sgye" in the above equations should be read as the corresponding characteristics of such optical fiber.
Concretely, the above optical fiber of 1.55 um band may be referred as a none-zero dispersion shifted fiber (NZ-DSF)
of which the dispersion at the wavelength in 1.55um band is + 2 ps/km/nm to +10 ps/km/nm, hthe dispersion slope is
from +0.03 ps/km/nmZ2 to +0.1 ps/km/nm?2,

[0050] Further, although in the above explanation, the wavelength of signal light used therein is referred as the
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wavelength of 1.55 um band, the dispersion compensator and the optical transmission system according to the present
invention can be applied to the signal light having the wavelength of 1600 nm band (L-band) or the wavelength of 1.45
um band (S-band) also. In this case, the above stated advantages obtained in the present invention can be obtained
in the transmission optical line having an anormalous dispersion at the wavelength at the each of the above stated
wavelength bands also.

Industrial Applicability

[0051] As explained in detail in the foregoing, the dispersion compensator in accordance with the present invention
is a dispersion compensator for compensation for the chromatic dispersion and dispersion slope of an optical fiber
transmission line, in which a plurality of dispersion-compensating optical fibers each having a dispersion slope com-
pensation ratio of at least 60% are connected to each other, one of the plurality of dispersion-compensating optical
fibers has a dispersion slope compensation ratio of at least 80%), and another of the plurality of dispersion-compensating
optical fibers has a dispersion slope compensation ratio within the range of 60% to 100%. When the ratio of respective
lengths of the plurality of dispersion-compensating optical fibers is appropriately set, the average dispersion slope
compensation ratio of the dispersion compensator can attain a value near 100%. As a consequence, the dispersion
compensator can fully compensate for both the chromatic dispersion and dispersion slope of the optical fiber trans-
mission line if the respective lengths of the plurality of dispersion-compensating optical fibers are appropriately set
according to the length of the optical fiber transmission line. Also, even when the dispersion slope compensation ratio
7 fluctuates among actually manufactured dispersion-compensating optical fibers, the dispersion slope compensation
ratio n of each dispersion-compensating optical fiber is measured after manufacture, and a plurality of dispersion-
compensating optical fibers are connected according to results of the measurement so as to construct the dispersion
compensator as mentioned above. As a consequence, the manufactured dispersion-compensating optical fibers can
be used efficiently, whereby the dispersion compensator becomes inexpensive.

[0052] Inthe case where the average dispersion slope compensation ratio of the plurality of dispersion-compensating
optical fibers in total is at least 80%, then the dispersion compensator can fully compensate for both the chromatic
dispersion and dispersion slope of the optical fiber transmission line. In the case where the plurality of dispersion-
compensating optical fibers are connected in the order of increasing effective area thereof, signal light having a higher
power propagates through a dispersion-compensating optical fiber having a relatively larger effective area, so that the
occurrence of nonlinear optical phenomena can be suppressed, whereby transmission characteristics become excel-
lent.

[0053] In the case where, of the plurality of dispersion-compensating optical fibers, first and second dispersion-
compensating optical fibers cascaded to each other are fusion-spliced to each other, the splice loss between the first
and second dispersion-compensating optical fibers is low. In this case, it is preferred that the fusion-spliced portion
between the first and second dispersion-compensating optical fibers be re-coated with a resin material having a coating
diameter substantially equal to the coating diameter of each of the first and second dispersion-compensating optical
fibers, and be wound about a bobbin together with the first and second dispersion-compensating optical fibers. Also,
it is preferred that the fusion-spliced portion between the first and second dispersion-compensating optical fibers be
re-coated with a resin material and be secured with reinforcement means. It is also preferred that the plurality of dis-
persion-compensating optical fibers be contained in a bundle state free of any body portion substantially in contact
therewith. In any of these cases, each of the plurality of dispersion-compensating optical fibers can be contained in a
compact state while securing a mechanical strength in the fusion-spliced portion and suppressing the increase in
transmission loss.

[0054] In the optical transmission system in accordance with the present invention, the dispersion compensator
compensates for the chromatic dispersion and dispersion slope of the optical fiber transmission line, whereby both the
respective absolute values of the average chromatic dispersion and average dispersion slope of the optical fiber trans-
mission line and dispersion compensator are reduced. As a consequence, this optical transmission system can carry
out WDM transmission over a wide band and optical transmission with a high bit rate. Also, in the case where the
plurality of dispersion-compensating optical fibers in the dispersion compensator are connected in the order of increas-
ing effective area thereof, while signal light is fed from the side of the dispersion-compensating optical fiber having the
larger effective area, the occurrence of nonlinear optical phenomena can be suppressed in the dispersion compensator,
whereby transmission characteristics become excellent.

Claims

1. A dispersion compensator for compensating for a chromatic dispersion and dispersion slope of an optical fiber
transmission line;
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said dispersion compensator comprising a plurality of dispersion-compensating optical fibers connected to
each other, said dispersion-compensating optical fibers each having a dispersion slope compensation ratio of at
least 60% with respect to said optical fiber transmission line at a predetermined wavelength;

one of said plurality of dispersion-compensating optical fibers having a dispersion slope compensation ratio
of at least 80%;

another of said plurality of dispersion-compensating optical fibers having a dispersion slope compensation
ratio within the range of 60% to 100%.

A dispersion compensator according to claim 1, wherein said plurality of dispersion-compensating optical fibers
in total have an average dispersion slope compensation ratio of at least 80%.

A dispersion compensator according to claim 1, wherein said plurality of dispersion-compensating optical fibers
are connected in the order of increasing effective area thereof.

A dispersion compensator according to claim 1, wherein, of said plurality of dispersion-compensating optical fibers,
first and second dispersion-compensating optical fibers cascaded to each other are fusion-spliced.

A dispersion compensator according to claim 4, wherein the fusion-spliced portion between said first and second
dispersion-compensating optical fibers is re-coated with a resin material having a coating diameter substantially
equal to the coating diameter of each of said first and second dispersion-compensating optical fibers, and is wound
on a bobbin together with said first and second dispersion-compensating optical fibers.

A dispersion compensator according to claim 4, wherein the fusion-spliced portion between said first and second
dispersion-compensating optical fibers is re-coated with a resin material and is secured with reinforcement means.

A dispersion compensator according to claim 4, wherein said plurality of dispersion-compensating optical fibers
are contained in a bundle state free of any body portion substantially in contact therewith.

A dispersion compensator according to claim 3, wherein said plurality of dispersion-compensating optical fibers
are connected in the order of increasing dispersion compensation ratios thereof.

A dispersion compensator according to claim 3, wherein said plurality of dispersion-compensating optical fibers
are connected in the order of increasing dispersion compensation ratios thereof, and a signal light is input to an
input end of said dispersion-compensating fiber of said plurality of dispersion-compensating fibers, having a larger
effective area and smaller dispersion slope compensation ratio.

An optical transmission system comprising:

an optical fiber transmission line for transmitting signal light; and

the dispersion compensator of claim 1, comprising a plurality of dispersion-compensating optical fibers con-
nected to each other, for compensating for the chromatic dispersion and dispersion slope of said optical fiber
transmission line.

An optical transmission system according to claim 8, wherein said plurality of dispersion-compensating optical
fibers are connected in the order of increasing effective area thereof, and signal light is fed from the side of the
dispersion-compensating optical fiber having a larger effective area.

An optical transmission system according to claim 10, wherein said plurality of dispersion-compensating optical
fibers are connected in the order of increasing dispersion compensation ratios thereof, and a signal light is input
to an input end of said dispersion-compensating fiber of said plurality of dispersion-compensating fibers, having
a larger effective area, and an exciting light for causing Raman amplification is input to an input end of said dis-
persion-compensating fiber of said plurality of dispersion-compensating fibers, having a smaller effective area.

10
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Fig.2
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Fig.5
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